Catalysis by serine proteases and their zymogens. A study of acyl intermediates by circular dichroism.
p-Nitrophenyl p'-guanidinobenzoate and methylumbelliferyl p'-guanidinobenzoate, which are active site titrants for trypsin, and p-nitrophenyl p'-dimethylsulfonioacetamidobenzoate and methylumbelliferyl p'-trimethylammoniocinnamate, which are active site titrants for chymotrypsin, are also hydrolyzed by the respective zymogens. Hydrolysis in each case proceeds via the formation of acyl-zymogens. The acylation rates for the zymogens are 10(3)-10(7) times slower than for the enzymes whereas the deacylation rates of acyl-enzymes and acyl-zymogens are comparable. These findings are consistent with the idea that the diminished catalytic activity of these zymogens is due primarily to their distorted substrate binding sites. The circular dichroic spectra of the acyl-enzymes show induced negative ellipticities in the region of absorption of the acyl group, due to binding of the group in an asymmetric environment. The circular dichroic spectra of the acyl-zymogens do not, but conversion of the acyl-zymogens to acyl-enzymes changes the circular dichroic spectra to those characteristic of the acyl-enzymes. alpha-Carbamyl-epsilon-guanidinated trypsin is a derivative which resembles trypsinogen in lacking activity toward specific ester substrates but possessing low activity toward p-nitrophenyl p'-guanidinobenzoate. The circular dichroic spectrum of the acyl-enzyme formed during hydrolysis of p-nitrophenyl p'-guanidinobenzoate by this derivative resembles that of guanidinobenzoyltrypsinogen, and not that of guanidinobenzoyltrypsin. These circular dichroism studies confirm that the same serine residue is involved in catalysis by both enzymes and zymogens. They demonstrate directly that the acylating group is in a different environment in each and indicate that this specific environment is a determinant in the catalytic activity of each. Thus the circular dichroic spectra of these acyl intermediates provide a sensitive probe of the subtle conformational changes which occur on zymogen activation. The results support the previous conclusion that the major feature of the activation of trypsinogen and chymotrypsinogen is the rearrangement of the substrate binding site and that the appearance of a new amino terminus causes this rearrangement.